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In early C. elegans embryos, the transition from
meiosis to mitosis requires degradation of the MEI-1
protein. A novel class of SCF-like ubiquitin ligases
has been identified that mediates this process. These
ligases contain the CUL-3 scaffold at their core and
use a BTB-domain protein in substrate recognition.
In recent years it has become clear that the regulation of
many cellular processes involves ubiquitin-dependent
degradation of critical proteins [1]. Substrates selected
for degradation by this pathway receive a chain of ubiq-
uitin molecules, which directs them to the 26S protea-
some. Attachment of ubiquitin molecules to a target
protein involves activation by an E1 enzyme and subse-
quent transfer by an E2 ubiquitin-conjugating enzyme.
Typically, the E2 enzyme associates with an E3 ubiqui-
tin ligase, which recognizes the substrate. As the E3
ligases determine the life or death of a protein, it is crit-
ical to understand how they select their targets. E3
ligases come in a large variety of forms, including multi-
ple-subunit complexes organized around a ‘Cullin’ (Cul)
scaffolding protein. The paradigm for this class of
ligases is based on studies of the Skp1–Cul1–F-box
protein (SCF) complex, in which Cul1 associates with
Skp1, which in turn binds an F-box protein [2,3]. Cul2
forms part of a similar ligase, in which an Elongin
C–SOCS complex replaces the Skp1–F-box protein
module [4]. These E3 ligases can target a range of sub-
strates, as determined by their associated F-box or
SOCS protein.
Subunits and substrates were known previously only
for the Cul1 and Cul2 complexes. But a series of recent
papers [5–9] has suddenly shed light on Cul3 ubiquitin
ligases. The findings include identification of an in vivo
substrate [5,7], a novel level of regulation [7], and, most
excitingly, a novel type of substrate-specificity adaptors
for Cul3 ligases [6,8,9]. The substrate-specificity factors
associate with Cul3 through a  ‘Bric a brac, Tramtrack
and Broad Complex/Pox virus and Zinc finger’
(BTB/POZ) motif. Surprisingly, the same BTB protein
was found to also bind the substrate, thus combining
the functions of Skp1 and F-box proteins. As there are
190 BTB proteins in the human database [8], this dis-
covery greatly expands the number of potential E3 ubiq-
uitin ligases that may recognize a specific substrate.
Studies in the nematode Caenorhabditis elegans
have been instrumental in these discoveries. The new
insights originated with the observation that cul-3 inac-
tivation disrupts the specific transition from meiotic to
mitotic chromosome segregation in C. elegans
embryos [5,7]. Fertilized C. elegans oocytes complete
meiosis I and II before onset of the first mitotic division
[10]. The transition to mitosis involves a dramatic switch
in the function and morphology of spindle microtubules
(Figure 1). As is common for oocytes, the microtubule
arrays of the meiotic spindle form initially around the
chromosomes and subsequently become organized
into poles [11]. These spindles remain small and closely
associated with the cell cortex. Just twenty minutes
after completion of meiosis, a mitotic spindle is formed
within the same cytoplasm. Microtubules of these spin-
dles initiate at centrosomes and extend throughout the
cytoplasm to the cortex, kinetochores and opposite
poles. Several players critical for this change in micro-
tubule behavior were identified by the Mains lab
[12–16]. These components became strong candidate
targets and partners for the CUL-3 protein when cul-3
was also found to affect this transition.
The genetic studies focused on the genes mei-1
(meiosis defective), mei-2 and mel-26 (maternal effect
lethal). Embryos lacking mei-1 or mei-2 function fail in
meiosis with abnormal spindles, yet mitosis is
unaffected [12]. By contrast, mei-1 gain-of-function (gf)
or mel-26 loss-of function (lf) mutations do not affect
meiosis, but in these mutants mitotic spindles become
mispositioned and contain abnormally short micro-
tubules [12,15]. The MEI-1 and MEI-2 proteins form a
heterodimer and show similarity to the p60 and p80 sub-
units of katanin, a microtubule-severing complex [13,16].
Both proteins localize to meiotic spindles and chromo-
somes and disappear before the onset of mitosis (Figure
1) [14,16], but the MEI-1–MEI-2 complex is present
during mitosis in mei-1(gf) and mel-26(lf) embryos.
These data have suggested a model in which MEI-1 and
MEI-2 act to maintain short microtubules during meiosis,
while proper formation of a mitotic spindle requires inhi-
bition of MEI-1 by MEL-26. It remained unclear,
however, how MEL-26 functions, as it was found to be a
largely novel protein with a BTB/POZ domain [15].
The first evidence for ubiquitin-dependent degrada-
tion of MEI-1 came from studies of rfl-1 mutant
embryos. Such embryos display extensive ‘ruffling’ of
the cortex as well as spindle defects and abnormal MEI-
1 localization in mitosis [5]. The rfl-1 gene was found to
encode an enzyme of the neddylation pathway, which is
known to positively regulate Cullin function through
attachment of the ubiquitin-like polypeptide Nedd8. The
rfl-1 mutant phenotype was phenocopied by cul-3 inac-
tivation and suppressed by mei-1 inactivation. These
results support the notion that neddylated CUL-3 might
mediate MEI-1 degradation. A follow-up study [7]
described an additional role for ‘de-neddylation’ by the
COP9/signalosome complex. Downregulation of sub-
units of this complex by RNA interference (RNAi)
resulted in mitotic defects similar to those observed in
rfl-1(ts) and cul-3(RNAi) embryos, including persistence
of a MEI-1–GFP fusion protein at mitotic centrosomes
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and chromosomes. These and other results support the
view that cyclic neddylation and deneddylation of CUL-
3 is required for degradation of MEI-1.
Despite identification of a Cul3-mediated process
and plausible substrate, an obvious remaining ques-
tion was how Cul3 ligases recognize their substrates.
Addressing this question from different angles, three
groups have [6,8,9] independently converged on
BTB/POZ domain proteins. Pintard et al. [6] took a
genetic approach, searching for conditional mater-
nal-effect lethal mutations with phenotypes similar to
cul-3(RNAi) embryos. Such a mutation was indeed
identified and turned out to be an allele of mel-26. Xu
et al. [8] used the yeast two-hybrid system to identify
proteins that interact with CUL-3 and not CUL-4:
they identified 11 such proteins, all containing a
BTB/POZ domain, and one being MEL-26. Finally,
Geyer et al. [9] affinity purified an epitope-tagged
form of the fission yeast Cul3, Pcu3p, followed by
mass spectrometry: this approach resulted in the
identification of several associated proteins, includ-
ing the BTB/POZ domain protein Btb1p.
Follow-up studies by these groups provide strong
evidence that the BTB proteins form a novel class of
substrate-specificity adaptors. The case is best made
for MEL-26, starting from the in vivo observations that
MEL-26 and CUL-3 negatively regulate MEI-1 protein
levels. In addition, MEL-26 and CUL-3 form a complex
in vitro, involving residues that are conserved specifi-
cally in the Cul3 subfamily [7,8]. The positions of these
residues correspond largely to conserved Cul1 residues
that mediate interaction with Skp1 [3]. Further, MEL-26
interacts with MEI-1 when co-expressed in tissue
culture cells. In agreement with the genetic data, MEL-
26 did not interact with MEI-2 and the mei-1 gain-of-
function mutation prevented MEL-26 interaction in this
assay [7,8]. Finally, a dominant-negative mutation in
MEL-26 was also found to prevent its interaction with
MEI-1, but not with itself. Thus, the effects of geneti-
cally identified alleles strongly support the view that
CUL-3/MEL-26 and MEL-26/MEI-1 protein interactions
are critical for MEI-1 degradation.
The substrate-specificity adaptor used by the newly
identified Cul3 ligases forms the main difference with
respect to previously characterized Cullin ligases.
While Cul2 ligases and SCF each use a two-protein
module in substrate recognition, MEL-26 combines
substrate recognition and Cullin binding into a single
polypeptide (Figure 2). Interaction with MEI-1 involves
a meprin and TRAF homology (MATH) domain in the
amino terminus of MEL-26. MATH protein–protein
interaction domains are also present in 38 other BTB
proteins in C. elegans, and most human BTB proteins
contain additional protein interaction motifs [8]. There-
fore, BTB proteins may generally unify domains for
substrate and Cullin binding.
Apart from this divergence, the various Cullin
ligases share many similarities. They are all modular in
nature and regulated by neddylation, and they all
contain the RING finger factor HRT1/RBX1/ROC1,
which brings an E2 ubiquitin-conjugating enzyme into
the complex [3,6,9]. An additional similarity is that the
Cullin-interacting domains of Skp1 and Elongin C form
a BTB-fold structure [3]. Finally, F-box factors are
targets for auto-ubiquitination and degradation, a
property shared with MEL-26 and the fission yeast
BTB protein Btb3p [6,9]. Given these similarities, it
seems reasonable to follow the suggestion of Xu et al.
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Figure 1. Meiotic and mitotic metaphase in
C. elegans.
Spindle microtubules (green), chromatin
(blue) and MEI-1 protein (red) during
meiotic and mitotic metaphase. MEI-1
protein localization overlaps with the
spindle asters (orange), and chromatin
(pink) in meiosis, but not in mitosis. Gain-
of-function mutation of mei-1, or inactiva-
tion of cul-3, mel-26 or the rfl-1 neddylation
and COP9 deneddylation pathways all
cause defects in mitotic spindle position,
shortened astral microtubules and abnor-
mal persistence of MEI-1 protein in mitosis.
Mitosis (mutant)
mei-1 (gf ), mel-26 (lf )
cul-3 (RNAi ), rfl-1 (lf )
Meiosis Mitosis (wild type)
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Figure 2. A model for action of the Cul3 ubiquitin ligase.
This model for the Cul3 complex (bottom) is based on the well
characterized SCF complex (top). The different proteins are
































[8] and name these complexes after their Cullin
subunit: SCF1, SCF2, SCF3 and so on [8].
As always, new findings lead to new questions. How
many of the 190 annotated human BTB proteins are
truly used to target specific substrates? Are other
Cullins, such as Cul4, associated with yet another
class of substrate-specificity factors? Phosphorylation
or proline hydroxylation are known to trigger degrada-
tion of specific substrates, but to what extend is the
function of E3 ligases controlled, for instance at the
level of BTB protein expression or regulation of the
neddylation-cycle? Even in the well-studied example
of MEI-1, it is not clear as yet what triggers its degra-
dation between meiosis and mitosis. As there are
many interesting questions that remain unanswered, it
seems safe to assume that there will be more prote-
olytic surprises to digest.
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